The Apgar system of clinical evaluation of the condition of the newly-born infant was first presented almost 20 years ago (Apgar, 1953) . Since that time, it has become probably the most widely employed method, and reference to it has grown to be the common currency among the majority of clinicians who have an interest in perinatology.
The major objectives of the system, as initially defined and subsequently developed (Apgar and James, 1962; Apgar, 1966) , have been four-fold: (i) to provide an assessment of the general condition of the neonate and thus an impetus to initiate appropriate resuscitation, should it be required, without delay; (ii) to provide a reasonable basis, within and between hospitals, for comparisons of the effects of pathology and of therapy upon the condition of infants at the time of delivery; (iii) to provide a predictive assessment of the likely fate of the infants; (iv) to encourage amongst clinicians increased concern for, and interest in, the newly-born infant throughout the first few minutes of its extrauterine existence.
Each of these objectives has, to a variable extent, been demonstrated to be attainable. The fourth, and possibly the most important, has been perhaps the major triumph of the system: it is not too far-fetched to suggest that the intensive interest exhibited internationally in the newborn infant was initiated, or at least considerably spurred, by the introduction of the Apgar scoring system. As a predictive tool, it has proved to be of some value, although more in relation to the immediate outcome than to the long-term prognosis for the individual infant (Schachter and Apgar, 1959; Apgar and James, 1962; Apgar, 1966; Colburn and Salzman, 1960; Drage, Kennedy and Schwartz, 1965; Richards, Richards and Roberts, 1968) . The role of the scoring system as providing an impetus to undertaking resuscitation has been somewhat ambivalent. When individual cases are discussed retrospectively, criticism of failure to employ appropriate resuscitation may be sharpened by reference to the score attained by the infant. However, as Apgar herself has emphasized (Apgar, 1966) , the initiation of urgently-required resuscitation must never be delayed to permit evaluation of the score at the time designated
The facility of the score to allow comparisons to be made between groups of infants has not been quite as successful, and there seems little reason to doubt that this is related to the variety of factors which can contribute to neonatal depression. The emphasis initially placed by Apgar and her colleagues was upon the reasonably close correlation between the total score and the acid-base status of the infant as denned by analysis of umbilical artery blood obtained at delivery. However, it is well appreciated that centrally-acting drugs can cause a marked degree of depression of an infant who is not particularly acidotic. It is also generally understood that an infant who is depressed neither by drugs nor by asphyxia reflective of its intrauterine environment, may, at 1-min postdelivery (the time when the score, as originally defined, is assessed), be dramatically depressed as a result of laryngeal spasm. It is indeed noteworthy that in most of the authoritative reports concerning the effects upon the infant of maternal pathology and therapy, as much, if not more, emphasis is placed upon comparisons of acid-base values in umbilical artery blood as upon the Apgar scores.
Almost invariably in the literature, reference is made to the total Apgar score, despite the fact that the sum is composed of five variables whose degree of inter-relationship has not, with few exceptions (Crawford, 1966) , been the subject of either investigation or speculation. We can find no report of an attempt to investigate the relative importance of each of the contributing factors in respect to any of the first three objectives of the scoring system outlined above. As we have, during the past 3-4 years, gathered a considerable amount of closely observed information regarding infants delivered under a variety of clinical circumstances, it seemed to be worthwhile to analyse in detail the respective relationships between the acid-base status of the infants -and the drugs to which they had recently been exposed-and the component values, taken severally and combined, of the Apgar scores as recorded.
METHODS
We have followed the originally-propounded scheme and recorded in detail the assessment of the Apgar score 60 sec subsequent to the completion of delivery of the infant However, we also record a similarly taken score 5 min after delivery of the infant. The latter score reflects the combination of the factors operating upon the infant at the moment of delivery and of the treatment which it receives during the first 5 min of extrauterine life. The 5-min score provides a measure of the adequacy of resuscitative measures, should they have been undertaken, and it has been shown also to be more valuable than the 1-min score in predicting the long-term condition of those children who survive the neonatal period (Drage et al., 1966) . Apgar (1966) has emphasized the importance of evaluating the score at precisely the defined time. In our service, each delivery site is furnished with two laboratory timers, and at completion of delivery of the infant, these are adjusted so that one rings at 1 min, and the other at 5 min, after delivery. In the ensuing account, for the sake of brevity, the following notation is used: HR heart-rate; RE respiratory effort; MT muscle tone; RI reflex irritability; C colour.
At the time of delivery, and before the infant takes a gasp, a loop of umbilical cord is doubleclamped (the first clamp is placed at the placental end of the proposed loop, to reduce to a minimum the influx of blood from the separating placenta), and swiftly taken to a closely-adjacent laboratory, wherein blood is drawn from each umbilical vessel into previously-heparinized syringes. The metabolic and respiratory acid-base values in each of these samples are derived by application of the Astrup microelectrode technique and the Siggaard-Andersen nomogram, the necessary corrections for haematocrit, oxygen desaturation (Radiometer OSM1) and barometric pressure being made.
Patient material.
The infants have been considered in four groups:
(1) Sections. The infants were delivered by Caesarean section. Out of the total number of 188, only 3 were emergency sections. With the exception of the latter three, the mother in each case received chlordiazepoxide 20 mg orally 1-2 hours preoperatively. All the mothers had been given magnesium trisiheate mixture BPC during the hour before operation. The anaesthetic technique consisted of: preoxygenation for 2-4 min before induction; either atropine 1.2 mg or hyoscine 0.6 mg intravenously, followed by thiopentone 250-300 mg and then suxamethonium 100 mg; en do trachea! intubation (cricoid pressure having been applied during the appropriate period); maintenance of relaxation with an infusion of suxamethonium (concentration 1 mg/ ml); maintenance of anaesthesia with a mixture of nitrous oxide and oxygen, in proportions of either 2:1 or 1:1, using a total flow-rate of 12 l./min. Artificial ventilation was provided by the use of a Howells apparatus. No "nitrous oxide wash-out" was attempted before delivery.
(2) Epidurals. There were 54 infants in this group. All were vertex presentation and delivered vaginally, either spontaneously or with the aid of forceps. The mother of each infant had received a lumbar epidural block throughout her labour, and had not received any other drug except, in a few cases, promazine 50 mg intramuscularly to relieve anxiety.
(3) No narcotics. The mothers of the 84 infants in the group had not been given an epidural block and had not received a narcotic analgesic during the period of 6 hours before delivery. Pain relief during labour had, if required, been provided by Entonox or methoxyflurane (0.35 per cent from a Cardiff Inhaler), and an occasional patient had also received promazine 50 mg ijn. Most of these patients delivered spontaneously (vertex presentation), but 20 were delivered with the aid of forceps, the operation being conducted under pudendal block.
(4) Narcotics. There were 85 infants in this group. They differed from the "no narcotics" group only in that the mothers had, during the final 6 hours of labour, received a narcotic analgesic. Almost invariably this was pethidine, the total dose being 100-150 mg.
RESULTS

Distribution of the individual components of the
1-min scores vriihin the various groups. The incidences of the different scores for the four groups are shown in table I, from which it is apparent that there is a much higher incidence of low scores among the sections than among the other groups-a feature which applies to each of the individual scores. To test the significance of this and other features, appropriate chi-squared tess and comparison of proportions were used. Because of the small frequencies of the low scores, it was usually necessary to re-group the data for test purposes into those with a score of 2 and those with a score of 0 or 1. The probability levels referred to in table I are those at which a hypothesis that the four groups could be taken as having the same distribution of Apgar scores is rejected. The very low levels of probability derived demonstrate quite clearly that the distributions of scores are very significantly different in the different groups. The nature of these differences is to an extent revealed in table II: the major source of difference is the high incidence of low scores in the section group. Although there appears, from table II, to be little to choose between the remaining groups, the narcotics group does seem to have a higher incidence of low scores than does either the epidural group or the no-narcotics group. Indeed, for all five components of the Apgar score, the groups can be ranked in order of decreasing proportions of low scores as:
Sections -» Narcotics -» No narcotics -> Epidurals.
Since most of the differences are fairly well marked, and overall significant differences have been established, it is at this stage necessary only to refer to the fact that the two groups, no-narcotics and epidurals, are very similar, differing significantly only in respect to the score for colour (C).
Because of the striking consistency of ranking noted above, the data were re-grouped for a further analysis. The re-grouping was based on the contention that the infants in both the section group and the narcotics group had received a centrallydepressant drug at some time shortly before delivery. These two groups were, therefore, combined into one, designated as "Drugs group", with 273 members, the other two groups were combined into the "No-drugs group" (138 members). The frequencies of the component scores in these two groups were obtained and their differences denned. As demonstrated in table III, there were very significant differences in the distribution of scores for the Drug and No-drug groups for all the Apgar variables. The nature of these differences is presented in table IV: for the variables HR, RE, MT, and RI, the Drugs group contains a much higher proportion of 0 or 1 scores, the differences being most pronounced for RE. Similarly, C has a much higher proportion of zeros for Drugs than for Nodrugs. I , that with the exception of the score for colour, there are strong tendencies towards a similar distribution of the scores for each individual attribute in all four groups under consideration, we considered that the degree of association between the individual components merited the investigation initially proposed.
Although the distribution of scores for each variable is different for the different groups, it appeared worthwhile to assume, for purposes at least of an initial analysis, that the association between the different variables would be the same association irrespective of the group under consideration, and that thus the relationships obtained from the pooled data could be investigated.
The total of 411 observations were grouped into frequency tables, of which the following, for HR and RE, is typical: The association between HR and RE implied by such a table can be investigated in a number of ways. The most widely-known technique is to test the hypothesis that HR and RE are independent variables by means of a chi-squared test. However, application of this test to our data would necessitate, on occasion, the combination of the score 0 and score 1 categories in order to eliminate very small frequencies, for which the test is inappropriate. Furthermore, the chi-squared test is of limited interest since, although it may confirm that an association does exist, it does not quantify the degree of association.
The most appropriate measure of association in regard to our investigation appears to be the coefficient f (Goodman and Kriskral, 1964) , which, for brevity, will hereafter be referred to as Goodman's coefficient. The rationale of this is as follows: Consider any 2 individuals, and consider their scores for HR and RE. Suppose that the 2 individuals either do not have the same score for HR or that they do not have the same score for RE, that is, they are not "tied". Then the 2 individuals are said to have the same "order" if the one with the higher HR score also has the higher RE score, and this would be regarded as evidence of a positive association between HR and RE. Goodman's coefficient, -,-, evaluates the probability that any 2 individuals who are not tied have the same order, minus the probability that they have different orders. The coefficient has properties similar to ordinary linear correlation coefficients, which would, in respect to our data, be inappropriate. The value of the coefficient lies between -1 and +1. It is zero if the two variables are independent, +1 if there is complete positive association (or 'Tike ordering"), and -1 for complete negative association (or "unlike ordering"). Table V contains the estimated value of y and the standard error of this estimate, for all pairs of the variables of the score. Suitable chi-squared tests of independence showed that none of the pairs of variables could be considered as independent. The hypothesis of independence would be rejected at probability levels (P<0.0001) for tests involving C and each of the other variables, and at levels (P<0.00001) for pairs of HR, RE, MT and RI.
As a matter of interest a similar analysis was undertaken with respect to the combined groups previously referred to as "Drugs" and "No drugs".
As demonstrated in table VI, the degrees of association differ very little from those derived from examination of the pooled data. There is no uniformly clear evidence that the variables are more closely associated in the Drugs group than in the No-drugs group, and none of the differences observed could be shown to be statistically significant. Similar analyses of the data from each of the original four individual groups led to conclusions similar to those proffered in tables V and VI.
The positive association between HR, RE, MT, and RI in each of these analyses is shown by a group of Y coefficients very close to unity. Clearly there are very strong implications that if any one of these four components has a low score, then so will all the others. The association of each of the four with C is also positive but is not so strong, although it is significantly different from zero.
The very strong association between the 1-min scores allotted for HR, RE, MT, and RI suggests an element of redundancy, as each of them is an "observer assessment". The question therefore arises as to whether or not it is either necessary or helpful to observe and to record them all. For example, would it be equally valuable simply to assess the score for HR as to assess the scores for the remainder of the components and their total? To examine further the values of the individual components as measures of discrimination, the relationship between the score-values and the acid-base status of the infant at delivery must be investigated.
Betioeen-groups comparisons of the acid-base status of the infants. As a preliminary measure, the biochemical state of the infants considered in reference to the four groups of cases was contrasted. The mean values, with standard errors, of the critical values reflective of the acid-base status are presented in table VII, from which it will be seen that arrangement of the Pco 2 : Epidurals->Narcotics->No narcotics-Ŝ ections BE: Narcotics->No narcotics->Epidurals-> Sections In a previous section it was pointed out that the order for proportion of low Apgar scores was:
Sections->Narcotics->No narcotics->Epidurals, and thus apparently the group (sections) with consistently the highest proportion of low Apgar scores is consistently the least acidotic. However, this is an over-simplification, as will be demonstrated shortly.
It is dear from the standard errors presented in table VII that all the group mean values of pH and base excess are significantly different from each other at a low level of probability, with the exception of a comparison between epidurals and no narcotics. Equally clearly, there are no significant differences between the four groups with respect to the mean values for carbon dioxide tension. Inspection of the standard deviations for each group (not provided in the table) shows that there is no reason to suppose that any one of the groups degree of acidosis, which are continuous, to the Apgar scores, which are discrete, poses problems of a statistical nature. An evaluation of a linear relationship between the two sets of variables is not strictly possible. However, conceptually the Apgar variables could be thought of as existing on a continuous scale, even though the subjective measurements made permit only discrete scores. If a linear relationship did exist between an attribute of the acid-base status and the Apgar score on the conceptual scale, the computed coefficient based upon the discrete Apgar scores would tend to underestimate the degree of relationship. Linear correlations thus obtained would be, therefore, conservative estimates of the strength of association between the score and the acid-base status.
As the approach by way of linear correlations is not entirely satisfactory, an alternative method was sought. The values of acid-base status were considered as being discrete, and were treated as follows: the pH values were grouped in cohorts of incremental values of 0.05 units, the Pco a values in cohorts extending over a range of 5 mm Hg and the base excess values in cohorts extending over a range of 3.0 m.equiv/1., and from these groupings, frequency tables were derived. As an example, the following is the frequency table relating the score for heart rate against pH among the sections: has particularly more variable results than does any other group for either pH, Pco, or BE.
Association between Apgar scores and acid-base status.
Any attempt to relate the measurements of the Modified versions of these frequency tables provide the faciUty of applying chi-squared tests to test the independence of the. scores and the acid-base grouping, but for reasons alluded to previously, it is preferable that the Goodman coefficient, y, anî ts standard error, be computed In table VIII are presented both the linear correlations, r, and the Goodman coefficients (with standard errors) in respect to each of the three acid-base variables against each component of the score, in each of the four groups of cases. We may first analyse these data in respect to each of the acid-base variables:
(i) pH. The coefficients (both T and Y) are positive for all five Apgar components in all four groups, implying that low scores are associated with a low pH. The values for y are significantly different from zero at low levels of probability for HR, RE, MT and RI, but the values of y in respect to C, which are in general smaller than the others, are significantly different from zero only in the groups epidurals and no narcotics (P<0.05). Comparing HR, RE, MT and RI no single variable bis the highest association for all four groups (it was not possible to calculate y values for HR in the epidural group because of the absence of 0 and 1 scores).
The two groups for which the y values are in general lowest are the sections and the narcotics. Since these had, respectively, the highest and the lowest mean pH value, there is no evidence to suggest that the strength of association with the Apgar components is in any way related to the extent of acidosis observed within the group under consideration.
(ii) Pco 3 . The values of y and r are in general negative, indicating that low scores are associated with a high Pco v The exception, HR in the no narcotics group, is probably a freak result reflecting a paucity of 0 or 1 scores.
The values of y for HR, MT and RI are significantly different from zero at low levels of probability except for MT and RI in the no-narcotics group. The y values of RE are significantly different from zero in only the sections group. The y values for C do not differ significantly from zero in any of the groups. No single component of the score has the strongest association in all the groups.
(iii) BE. The Y and T values are consistently positive, implying an association between low score and metabolic acidosis. The values of Y for HR, RE, MT and RI are rather less in the narcotics group than in the other three groups, only the value for HR being significant. The values for C are significant in the sections and epidurals groups only. Again, no single component has the strongest association for all four groups.
In an attempt to define any variation in the relationship between Apgar score and acid-base status which might be due to the superimposition of a centrally-depressant drug effect, this part of the analysis was carried further by considering the groups in combination, as before: Drugs (sections plus narcotics) and No-drugs (epidurals plus no narcotics). The results are presented in table IX, from which it will be seen that for pH and BE the association with the scores for RE, MT and RI is much more pronounced in the No-drugs group than in the Drugs group. An approximate test procedure, which should be reliable for these large samples of data, shows that for RE, MT and RI the pH and BE Y'S are higher in the No-drugs group than in the Drugs group at least at the P<0.025 level of significance. The position in respect to HR is uncertain because of the small number of 0 and 1 scores in the No-drugs group. The Y values for C are generally poor, although they do appear to be slightly stronger in the No-drugs group.
A similar analysis was performed for the total Apgar scores (table X). The association between the acid-base values and the total score is weaker than that for some of the individual scores. Presumably this is due to the inclusion, in the total score, of the weakly associated variable, C. This observation prompted our final question: What is the optimal combination of components of the Apgar score to use in order to produce association with acid-base status?
The optimal set of components of the Apgar score. In this analysis, the following approach has been adopted.
Of Each Apgar sum of combination divides the individuals into sets according to their Apgar sum value-for example, Ai±A, divides into 5 sets and T divides into 11 sets. If, therefore, T is presumed to be preferable to AJ + AJ, it must be on the grounds that the 11 sets of acid-base values of T divide up these values in a better way than do the 5 sets for A, + Aj. A combination of components of the Apgar score will thus provide a good discriminator if tie acid-base values within the sets are homogenous and vary little, but the differences between them are large and in the direction that a low sum of the scores implies a high degree of acidosis. In essence, therefore, the criterion for choosing between the available combinations of the component scores is to seek that which maximizes between-set variation and minimizes "within-set variation. Presented in table XI are the data referable to the best within each set of variables, in respect to the two combined groups of cases. It transpires that pH, Pcoj and BE have the same best single, best pair, best triple and best quadruple combination in all cases (apart from one or two where the combination quoted in table XI is a close rurmer-up to the best). This uniformity of behaviour over the acid-base variables is quite striking.
It will be noted from table XI that MT and RI is a prominent choice for both the Drugs and the No-drugs group. HR is the best single variable for the Drugs group, but features poorly in the Nodrugs group, owing, probably, to the small number of 0 and 1 scores in the latter group.
The F values and correlations suggest that there is little if anything to be gained by using two Apgar components instead of one, or three instead of two, and so forth. The correlation between the Apgar components is such that a classification based upon one of them is as effective as is a classification based upon two. The exception, as is apparent from table XI, is the score for C, which does not figure on any of the "best sets" of variables. The most useful compromise which would produce an effective classification for both groups-Drugs and No drugs-would be to use either HR and MT, or This analysis has revealed some facts which are, at least to us, quite surprising. First, the very high degree of association of each of the components of the score with each of the others (although in each case the score for colour had by far the weakest link), apparendy irrespective of whether or not the infant had been exposed to transplacentally administered drugs: possibly this latter finding reflects the fact that the drugs in question were given in very moderate dosage (even so, as is evident from table IV, the infants of mothers who had received drugs had a higher incidence of low scores for RE). The observation strongly suggested that there is an element of redundancy in the Apgar score as it is currently applied.
The strength of the inter-relationship between four of the five components (the exception being the score for colour) was further demonstrated by the fact mat there was a close relationship between each component and each of the three quoted estimates of acidbase status, although here the superimposition of a drug effect did appear to reduce the strength of the relationship in respect to metabolic addosis on the one hand, and the scores for RE, MT and RI on the other.
The consistency of the relationship between component scores and each of the acid-base variables, when no drugs had been given, and again, considered separately, when drug therapy had been applied, was strikingly demonstrated in the attempt to find the best set of score components to be matched against acidbase status. Once more the score for colour was shown to be irrelevant to a consideration of such a matching.
The 1-min Apgar score has thus been shown to provide, in the context of our clinical service, a fair assessment of the acid-base status of the infant. However, the score as originally propounded is weakened by the inclusion of points for colour. Our first recommendation, therefore, would be that, in clinical practice as well as in reports, reference be made to the Apgar-minus-colour score, as has repeatedly been suggested by one of us (Crawford, 1966) .
The information provided by the score could probably be "sharpened" even further by reference to the points given for HR, MT and RI only, but this would doubtless remain a matter of some debate. It will probably surprise others, as it has ourselves, that less importance is apparently to be attached to the points allotted for respiratory effort. The explanation, we suggest, might be as follows: the most prominently discussed of the factors which can contribute to neonatal depression are asphyxia and centrallydepressant drugs, and the relationship of each of these to the Apgar score has been examined in this analysis. However, a third factor, seen in our experience most frequently in the infant who is neither depressed by drugs nor, according to analysis of its cord blood, by asphyxia, is laryngeal spasm. Although laryngeal spasm, caused either by too vigorous a wielding of a mucus catheter or by the aspiration of blood or of liquor (especially during a somewhat difficult delivery as, for example, delivery by the breech either vaginally or at section), may cause a rapidly progressing deterioration in the condition of the infant, the initial response to it is apnoea. It appears to be not unlikely that, in many instances, this is the only clinically-apparent feature of the syndrome to be manifest at the time when the 1-min score is assessed. Thus we suggest that this relatively haphazardly occurring event, among a series of cases in which the infants were predominantly in fairly good condition at the Hrnf of delivery, may have reduced any dose relationship which might have existed between the score for respiratory effort on the one hand and either drug-induced depression or asphyxia on the other.
FIVE-MINUTE APGAR SCORE
The correlations associated with the 5-min scores were considered to be not worth analysing in detail because imperfections were so rare. Although this is slightly disappointing from the academic point of view, it is to an extent reassuring, as it suggests that the hospital policy of initiating vigorous resuscitation promptly, and of maintaining stimulation of all infants for some time after delivery, is being pursued on a satisfactory scale. It could with truth be said that this offers yet another tribute to the work and wisdom of Virginia Apgar.
